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ABSTRACT 28 

Acacia nilotica was introduced to Baluran National Park in the late 1960s to create fire 29 
breaks which would prevent fire spreading from Baluran Savanna to the adjacent teak forest. 30 
However, A. nilotica has spread rapidly and is threatening the existence of Baluran Savanna as it 31 
has been observed to cause a ecosystem transition from open savanna to a closed canopy of A. 32 
nilotica in some areas. This study is one of a few that examines A. nilotica invasion in Baluran 33 
National Park through remote sensing. Land cover dynamics were quantified using a supervised 34 

classification approach on Landsat 7 and 8 multi-spectral images. Results showed that savanna and 35 

A. nilotica can be recognized using a composite of bands 6, 5 and 3 of the Landsat 8 image. Across 36 
a 14 year period (2000-14), A. nilotica has spread far north and south from its original introduction 37 
location, invading not only savannas but also dry forests in the Baluran National Park. The savanna 38 

size has decreased by 1,361 ha, meanwhile the A. nilotica stand has increased by 1,886 ha over this 39 

period. Spatial distribution of A. nilotica in Baluran National Park shows a clumped pattern. Acacia 40 
nilotica which develops into a homogeneous stand in the north-west and eastern parts of the 41 
national park occupied an area of 3,628 ha or about 14.5% of the total area. This study has 42 

demonstrated that remote sensing technology can be effectively used to estimate the patterns of 43 
distribution and amount of A. nilotica cover change over the whole Baluran National Park. This is 44 

one of the advantages of remote sensing and GIS, where as it is difficult and expensive to make 45 
such direct assessments using the conventional approach of field survey and vegetation analysis. 46 
 47 

Keywords: Acacia nilotica, Baluran National Park, remote sensing, supervised classification  48 
 49 

INTRODUCTION 50 

The role of remote sensing (RS) and geographical information systems (GIS) in fire and 51 

vegetation management has been recognized with studies involving mapping and analysing fire 52 

history now commonplace (Arnoet al. 1977; Chuvieco & Congalton 1989; Van Wilgenet al. 2000; 53 

Keaneet al. 2001; Verlinden & Laamanen 2006). For instance, a sequence of fire scars was 54 

developed using all available Landsat images between 1989 and 2001 in north-east Namibia to 55 

investigate the relationship between fire frequency, rainfall, and land cover (Verlinden & Laamanen 56 

2006). Van Etten (1998) used a GIS for predictive vegetation mapping using models that linked 57 

vegetation units to map environmental variables across the extensive remote areas in Australia. 58 

Furthermore, a connection between the three main ecological strategies of plants and their canopy 59 

reflectance were set up by Schmidtleinet al. (2012) to test whether remote sensing was capable of 60 
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capturing the spatial pattern of plant strategy types. His study showed that all three primary strategy 61 

types could be mapped using remote sensing. There has been considerable amount of studies on the 62 

use of RS/GIS in savanna ecosystems (Stroppiana et al.2003; Chacón-Moreno 2004; Hudak & 63 

Brockett 2004; Sano et al. 2010), on the other hand less studies have addressed the use of RS/GIS 64 

in mapping invasive alien plant species, especially in savanna-dominated landscapes.  65 

 66 

 67 

Figure 1. Stand of Acacia nilotica in Bekol Savanna Baluran National Park, Indonesia 68 

 69 

Acacia Mill. is the main genus in the Leguminosae-Mimosoideae with roughly 1,200 70 

species distributed mostly in tropical and subtropical regions (Mabberley 1997; Abariet al. 2012). 71 

Acacia nilotica is a dominant colonizer in many parts of the world including protected areas such as 72 

Baluran National Park in East Java Province, and Wasur National Park in Papua (Tjitrosoedirdjo 73 

2008; Padmanabaet al. 2017). Baluran National Park covers vast area of 25,000 ha and mostly 74 

consists of savanna and dry forest. The exotic species A. nilotica was introduced into Baluran 75 

National Park in the late 1960s to create fire breaks to prevent fires spreading from Baluran 76 

Savanna into the adjacent teak forest. However, at present A. nilotica has spread rapidly and 77 

threatening the existence of Baluran Savanna and changing these open savannas into closed 78 

canopies of A. nilotica in some areas (Figure 1) (Barata 2000; Djufri 2004). This change in 79 

condition could threaten the large mammals of Baluran Savanna such as barking deer (Muntiacus 80 

muntjak), sambar deer (Cervus unicolor) and banteng or wild ox of Java (Bos javanicus) due to the 81 

loss of browsing and grazing fields (Sabarno 2002).  82 
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This study is one of the few studies of its kind that examines A. nilotica invasion in Baluran 83 

National Park through remote sensing. Setiabudi et al. (2013) conducted a spatial analysis of A. 84 

nilotica invasion in Baluran National Park, covering areas of the national park. However, the study 85 

was not based on Landsat images and did not provide information of A. nilotica coverage change. 86 

Caesariantika et al. (2011) and Djufri (2012) conducted field study of A. nilotica in Baluran 87 

National Park, which partly took place in Bekol savanna, however these studies ignored the 88 

capabilities of remote sensing analysis. Whereas Siswoyo (2014) used Landsat images in a study in 89 

Baluran National Park, but the assessment was only on one particular year with also no information 90 

on A. nilotica cover changes. Sutomo et al. (2016) conducted combined field and GIS study that 91 

provided information about the changes in A. nilotica stands but only covering the Bekol savanna 92 

area. Therefore, the objectives of this paper were to provide information on the distribution of 93 

invasive alien species (IAS) of A. nilotica over the whole Baluran National Park using Landsat 94 

images analysis and to calculate changes in savanna and A. nilotica covers following 14 years of 95 

invasion (2000 – 2014).  96 

 97 

MATERIALS AND METHODS 98 

Baluran is located at the north-east tip of East Java, and is a low plateau in the rain shadow 99 

of mountain ranges. The area has been used for hunting since the 1900s. In 1937, the Dutch 100 

Government proclaimed this area as a wildlife reserve (decree GB. No. 9 dated 25 September 1937 101 

Stbl. 1937 No. 544) to conserve large mammals, mainly wild ox of Java, also known as banteng 102 

(Bos sundaicus), that had already inhabited the surrounding areas. This decree was then reinstated 103 

by the Indonesian Agriculture Minister in 1962 (decree No. SK/II/1962 dated 11 May 1962) and 104 

then it was proclaimed as a national park in 1980. Baluran National Park covers a vast area of 105 

25,000 ha and it is located in Situbondo District, East Java Province. Its northern part is bordered by 106 

the Madura Strait and on its eastern side is bordered by the Bali Strait. 107 

Satellite images for Baluran National Park (year 2000 and year 2014) were downloaded 108 

from Landsat 8 and Landsat 7 (http://earthexplorer.usgs.gov/) path 117, row 065. The images 109 

downloaded were selected because they were either were not covered by clouds or with minimal 110 

amounts of the cloud cover and had level 9 image quality (no errors detected, perfect scene).  111 

Images were both selected in the middle of the dry season when differences between forest and 112 

savanna would likely be more acute. Details of downloaded images can be seen in Table 1.  113 

 114 

Table 1. Details of images downloaded for remote sensing analysis. 115 

Images Landsat 

Satellite 

Date 

acquired 

Spatial 

Resolution 

Image 

quality 

Path/

Row 

Cloud 

cover 

Total 

band 

Image 

band 

Sensitivity 

http://earthexplorer.usgs.gov/


 

5 
 

(meters) (%) stacked 

1 7 

 

07/09/ 

2000 

30 9 117/0

65 

25.83 8 2(G) 

4 (NIR-1) 

5 (NIR-2) 

8 bit/pixel 

2 8 

 

12/10/ 

2014 

30 9 117/0

65 

19.43 11 3 (G), 

5 (NIR) 

6 (SWIR-

1) 

12 

bit/pixel 

Note: G; Green, NIR; Near-Infrared, SWIR:Shortwave Infrared 116 

 117 

 118 

Figure 2. Flowchart showing steps in spatial analysis of Acacia nilotica in Baluran National Park. 119 

Modified from Siswoyo (2014). 120 
 121 

Ground survey was done in October 2014 with a total 60 sites which were placed randomly 122 

in three different vegetation types, namely savanna, dry forest, and A. nilotica stand. Presence-123 

absence of A. nilotica was recorded and geographical position was marked at the centre of each plot 124 

with a GARMIN handheld GPS. Landsat images were georectified to reduce geometric distortion. 125 

The bands6 (1.57 - 1.65 µm), 5 (0.85 - 0.88 µm) and 3 (0.53 - 0.59 µm)were then usedfor the 126 

Landsat 8 while for the Landsat 7 the bands of 5 (1.55 - 1.75 µm), 4 (0.77 - 0.90 µm) and 2 (0.52 - 127 

0.60 µm) were chosen and each of them were composited into the RGB (Red-Green-Blue) image 128 

system. These bands were chosen as they are widely used and recommended to map contrasting 129 

Landsat 8 and 7 
Images (2014 & 
2000) 

Georectified Stacking and 

Cropping 

Supervised Classification 

Validation Valid 

Acacia nilotica stand 

distribution 

Not Valid 
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vegetation types (such as savanna and forest; Barsiet al. 2014). These results were then loaded as 130 

RGB image and used as the basis for classification (Figure 2). After layer stacking, the image was 131 

cropped so as to include the whole Baluran National Park area. Pan-sharpening was then processed 132 

using band 8 panchromatic to enhance and sharpen the composite images facilitating determination 133 

the region of interest on classification since it has a more detailed spatial resolution.  134 

Classification of savanna, forest and A. nilotica stand were conducted using supervised 135 

classification via a maximum likelihood approach within ENVI 4.5with the field plot data used as 136 

training sites (Richards 1999). The classification results (map) were validated by comparing them 137 

with ground survey points and were also checked using Google Earth and field observations, and 138 

were found to be of acceptable accuracy (see results). Once the classification was finished, each 139 

class was then converted to individual layer and saved as a shape file to be analysed in ArcGIS 140 

10.1. The data layers were projected into datum WGS 1984, with the map projection being 141 

Universal Transverse Mercator, Zone 49South. The size of each area/class was then calculated in 142 

ArcGIS for each image (year 2000 and 2014) to obtain quantitative information on the coverage of 143 

various land cover types and the change in A. nilotica cover in Baluran National Park over the 14 144 

year study period. 145 

 146 

RESULTS AND DISCUSSION 147 

Savanna was clearly shown in the image as mix of bright glossy white and light to semi-148 

dark purple-ish colours (Figure 3). Acacia nilotica stands were represented as mix of semi-dark 149 

green and light to dark brown on the map. The spatial pattern of A. nilotica vegetation cover on the 150 

image consisted of a low density of green spots on a light brown background because it was 151 

influenced by the open leaf architecture on the A. nilotica trees occurring over dry grass or exposed 152 

soil of the underlying savanna (images were from the dry season when grasses are cured or dead). 153 

Overall (total) accuracy of the classification was 83% (Table 2).In terms of user accuracy 154 

(proportion of map predictions which were correct), the highest was A. nilotica stand (88%). In 155 

terms of producer accuracy (the proportion of reference sites accurately predicted by the map), the 156 

highest was savanna (100%) followed by A. nilotica stand (83%) and dry forest (75%). 157 

 158 

Table 2. Accuracy test of the produced map 159 

Sat. Image 

 

 

Field 

Acacia 

nolitica 

stand 

Savanna 

areas 

Dry 

Forest 

Total UA 

(%) 

PA 

(%) 

OE 

(%) 

KE 

(%) 

Mapping 

Accuracy 

(%) 

Acacia 

nilotica 

stand 15 0 2 17 0.88 0.83 0.12 0.17 0.87 
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Savanna 

areas 1 7 2 10 0.10 1.00 0.30 0.00 0.68 

Dry Forest 2 0 12 14 0.14 0.75 0.14 0.25 0.83 

Total 18 7 16 41     0.83 

Note: UA = user’s accuracy, PA = producer’s accuracy, OE = ommision’s error, KE = 160 
commission’s error 161 

 162 

In the year 2000, A. nilotica mainly occurred around the Bekol Savanna area and its 163 

surrounds (Figure 4). Fourteen years later, A. nilotica has spread far north and also south of the 164 

national park areas, invading not only savannas, but also dry forests (Figure 4). Over the same 165 

period, the savanna size decreased from approximately 6,510 ha in 2000 to 5,149 ha in 2014 (a 166 

decline of 1,361 ha) (Figure 5). In contrast, the A. nilotica stand area has increased by around 1,886 167 

ha (from 1,742 ha in 2000 to 3,628 ha in 2014, an108% increase) (Figure 5). The spatial 168 

distribution of A. nilotica over the whole Baluran National Park shows a highly clumped pattern 169 

(Figure 4), occurring as patches of dense stands in distinct parts of the park. Landsat 8 image 170 

analysis for October 2014 indicated that A. nilotica grows as homogeneous stand in north-west and 171 

eastern parts of the national park (Figure 6). In 2014, A. nilotica occupied an area of 3,628 ha, 172 

equal to 14.5% of Baluran National Park total area.  173 

 174 

 

Figure 3. Different colour and pattern of savanna and distinct Acacia nilotica stand was shown in 

this combination of band 6, 5 and 3 of Landsat 8 image of Baluran National Park, 2014. 

 175 

Savanna 

Acacia nilotica stand 
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a b 

Figure 4. Expansion of Acacia nilotica stands in Baluran National Park over14 years. Left (a) – A. 

nilotica distribution in year 2000, right (b) -  A. nilotica distribution in 2014. Yellow area 

in the middle is Bekol savanna area, purple area is A. nilotica area and green colour is 

forest.  

 176 

 

Figure 5. Changes in area size (data extracted from the created map) for savanna and Acacia 

nilotica stand between year 2000 and 2014 in Baluran National Park.  

 177 

The estimated area of the A. nilotica stand in this study is likely to be smaller than actual 178 

occurrence in the field, and this is reflected in the accuracy assessment data shown above. This is 179 

because Landsat images cannot identify A. nilotica that grows individually or in small clumps that 180 

may be smaller than the Landsat image pixel size. The pixel size of the Landsat images is 30 m x 30 181 

m, which means that only vegetation type or A. nilotica stand that has the size at least 500 m2 can be 182 

detected as one pixel (Siswoyo 2014). If it is 500 m2 out of 900 m2 (the pixel size), it will be the 183 
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dominant type and therefore will be classified as A. nilotica. In other words, A. nilotica needs to be 184 

the dominant cover type in a pixel for it to be recognised as A. nilotica cover. 185 

Using remote sensing analysis, a supervised classification of Landsat image from the year 186 

2000 and 2014 shows a decrease in savanna areas and corresponding increase of A. nilotica stand in 187 

Baluran National Park. It is clear from the analysis that A. nilotica has spread rapidly over the 14 188 

years and has mainly invaded areas of savanna. Also thickening of A. nilotica over this period has 189 

converted much of this savanna vegetation into dense stands of A. nilotica. Acacia nilotica now 190 

grows in a structurally homogeneous and mostly single-species stand in north-west and eastern 191 

parts of the national park. In the year 2000, A. nilotica mainly occurred in a lowland area around 192 

the Bekol Savanna area and its surrounds. Fourteen years later A. nilotica spread far north and also 193 

south of the national park areas, invading not only savannas but also dry forests. 194 

 

Figure 6. Distribution of Acacia nilotica stands in 2014, in Baluran National Park. 

 195 

Acacia nilotica was first planted in Bekol Savanna area in the 1960s (Siswoyo 2014). In a 196 

study using field mapping and spatial analysis in GIS, it was found that in one-year period the 197 

savanna area in Bekol Savanna had been decreased due to invasion of 85 ha new A. nilotica stands 198 

(Sutomoet al.2016). These newly expanded areas were mainly comprised of A. nilotica saplings and 199 

seedlings. This area also contained other less dominant woody species such as Azadirachta indica, 200 

Ziziphus rotundifolia, Thespesia lampas, Polytrias amaura and Dichanthium coricosum. There had 201 

been few reports that noted other locations where A. nilotica had been expanding, such as in 202 
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Balanan, Kramat and Curah Udang (Sabarno 2002; Djufri 2004; Setiabudiet al. 2013; Siswoyo 203 

2014). 204 

Besides dry forest, the lowland savanna area is an important habitat for large mammal 205 

grazers, such as wild buffalo, deer and wild ox of Java (also known as banteng). Invasion of A. 206 

nilotica in these areas is likely to lead to changes in the feeding behaviour of these grazers and may 207 

be responsible for the spread of this invasive species further in the national park. Acacia nilotica is 208 

mostly unpalatable to these herbivores as this plant possesses thorny spikes on branches which 209 

make it difficult for the herbivores to consume the leaves. However, the pods that drop to the 210 

ground are usually consumed by herbivores during the prolonged dry period when fresh shoots of 211 

grasses and other herbs are scarce. At the end of the wet season toward the dry season, mature A. 212 

nilotica pods drop from the trees and are consumed by herbivores such as water buffalo that spread 213 

A. nilotica further in the national park (Sutomoet al. 2015; Tjitrosoedirdjoet al. 2013). Sutomoet al. 214 

(2015) found that there was a vast amount of seeds found in buffalo stools, with approximately 166 215 

seeds of A. nilotica found per 100 g of buffalo stools/faecal dropping. 216 

This study has actually demonstrated that remote sensing technology can be used to 217 

effectively and accurately quantify patterns of vegetation distribution and changes in the area of A. 218 

nilotica cover in Baluran National Park. The technique is likely to be suitable for mapping and 219 

quantifying other woody plant invasion into savanna ecosystems. This study showed the advantages 220 

of remote sensing and GIS as they require fewer resources and are less demanding method for 221 

invasive species studies compared to the conventional approach of field vegetation survey and 222 

analysis (van Etten 1998; Van Etten&Fox 2004). Remote sensing and GIS have been also used in 223 

Indonesia and a range of literature has demonstrated the use of remote sensing and the available 224 

tools in GIS for various ecological studies such as for habitat suitability (Gamasari 2007), land use 225 

and cover change (Lavigne&Gunnell 2006), species conservation (Iskandaret al. 2012), and many 226 

others. In terms of savanna ecosystem studies, remote sensing could provide further insights into 227 

the patterns of habitat fragmentation due to invasive alien species, as well as fires.  228 

 229 

CONCLUSION 230 

Remote sensing techniques were successfully applied to determine the expansion of the 231 

invasive plant species Acacia nilotica and the decrease in savanna area within Baluran National 232 

Park. The observation of the results of the Landsat image analysis showed that the savanna size has 233 

decreased by 1,361 ha, meanwhile, A. nilotica stand increased by 1,886 ha. Spatial distribution of A. 234 

nilotica in Baluran National Park shows a clumped pattern. Acacia nilotica which develops into a 235 

homogeneous stand in the north-west and eastern parts of the national park occupied an area of 236 

3,628 ha or about 14.5% of the total area of Baluran National Park. 237 
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